more susceptible to deterioration than ordinary UHT milk, since monosaccharides are 48 more reactive than lactose when participating in the Maillard reaction that takes place 49 not only in the heating process but also during storage of milk (Braekman et al., 2001; 50 Burvall et al., 1978; Tossavainen & Kallioinen, 2008) . Moreover, there are several 51 procedures involved in the manufacture of LF-UHT milks such as removal (or not) of 52 some lactose prior to enzymatic hydrolysis; hydrolysis performed before or after 53 heating; use of enzymes from different origins, in soluble or immobilized form, etc. 54 (Harju, 2003; Jelen & Tossavainen, 2003; Jokar & Karbassi, 2011) . These different 55 processes used in the production of LF-UHT milks can lead to a wide variability of 56 hydrolysis and heating markers such as lactulose and furosine, found in different 57 commercial samples of LF-UHT milks (Messia et al., 2007) . It has been described that 58 heating prior to hydrolysis of lactose is suggested to avoid a considerable loss of 59 available lysine, an essential amino acid, as a result of the Maillard reaction (Rada-60 helium for 25 min. 116
Separations were performed following the method described in Splechtna et al. (2006) . 117
Elution was at room temperature on a CarboPac PA-1 column (250×4mm) connected to 118 a CarboPac PA-1 (50×4mm) guard column. Eluent A (100 mmol/L NaOH) and eluent B 119
(100 mmol/L NaOH and 50 mmol/L NaOAc) were mixed to form the following 120 gradient: 100% A from 0-20 min and 0-100% B from 20-70 min. After each run, the 121 column was washed for 10 min with 100% of eluent C (100 mmol/L NaOH and 1 mol/L 122 NaOAc) and re-equilibrated for 15 min with the starting conditions of the employed 123
gradient. 124
Two milliliters of methanolic extracts were evaporated, reconstituted in 1mL of 125 bidistilled water and filtered through a nylon Millipore FH membrane (0.22 m) 126 (Bedford, MA) before injection (20 L). Separations were performed at a flow rate of 1 127 mL/min. Quantification of GOS was performed by external calibration using a standard 128 solution of raffinose being the regression coefficient of calibration curve higher than 129 0.99. All analyses were carried out in duplicate and data were expressed as mean ± 130 standard deviation (SD). 131 as carrier gas at a flow rate of 1 mL/min. Injector and detector temperatures were 280 140 and 315 ºC, respectively. The oven temperature was programmed from 180-315 ºC at a 141 heating rate of 3 ºC/min and held 20 minutes. Injections were made in the split mode 142
(1:20). Data acquisition and integration was done using Agilent ChemStations Reb. 4B. 143 03.01 software (Wilmington, DE, USA) . 144
The oximes were formed following the method of Brobst & Lott (1996) . First, 1 mL of 145 methanolic extract (4 mg of sugars) was added to 0.4 ml of internal standard (I. S.) 146 solution (0.5 mg/mL phenyl-β-glucoside). Afterwards, the mixture was dried at 38-40 147 ºC in a rotary evaporator (Büchi Labortechnik AG, Flawil, Switzerland) . Sugar oximes 148
were formed by adding 200 µL hydroxylamine chloride (2.5%) in pyridine and heating 149 the mixture at 70 ºC for 30 min and then silylated with hexamethyldisilazane (200 µL) 150 and trifluoroacetic acid (20 µL) and kept at 50 ºC for 30 min. Reaction mixtures were 151 centrifuged at 7000 x g for 2 min at room temperature. Supernatants were injected in the 152 GC or stored at 4 ºC prior to analysis. All analyses were carried out in duplicate and 153 data were expressed as mean ± standard deviation (SD). 154
Response factors were calculated after the triplicate analysis of 5 standard solutions 155 (galactose, glucose, fructose, tagatose and lactose) over the expected concentration 156 range in samples. 157
Furosine determination 158
Determination of furosine in the LF-UHT milks and LF-UHT dairy drinks was 159 performed by ion-pair RP-HPLC following the method of Resmini et al. (1990) . Before 160 analysis, samples (2 mL) were hydrolyzed with 6 mL of 10.6 N HCl under inert samples was due to the formation of GOS during the transgalactosylating action of -206 galactosidase, as it was previously reported for enzymatic hydrolysis of milk (Indyk et 207 al., 1996 , Messia et al., 2007 Rada-Mendoza et al., 2005) . The lactose content in the 208 studied samples varied from 33 mg/L-291 mg/L and the average value was about 96 209 mg/L. These values corresponded to a degree of hydrolysis higher than 99%. Only onesample (number 2) showed a lactose content higher than the amount stated on the label 211 (lactose content < 100 mg/L). 212
The total content in GOS varied among samples in the range from 956-4350 mg/L as 213 can be observed in Table 1 . The GOS content increased with the remaining lactose 214 content so that sample 2 showed the highest levels of GOS and lactose whereas sample 215 6 showed the lowest levels of both. 216
Regarding heating markers, lactulose was not detected in any of the samples examined 217 in our study (LOD = 10 mg/L). Given that lactulose is formed from lactose by 218 isomerization during the heat treatment of milk (López-Fandiño & Olano, 1999; 219 Martinez-Castro & Olano, 1978) , the absence of lactulose is understandable considering 220 the low content of residual lactose in samples. Moreover, the absence of lactulose is 221 independent whether the UHT-treatment is performed before or after the enzymatic 222 hydrolysis since lactulose is formed from isomerization of lactose during heating of 223 milk. Thus, if UHT treatment is given after lactose hydrolysis, lactulose cannot be 224 formed in appreciable amounts. On the other hand, if hydrolysis is performed after UHT 225 treatment, the lactulose formed from lactose is hydrolyzed by the action of the β-226 galactosidase. These results are in agreement with those obtained by Rada-Mendoza et 227 al. (2005) for lactose hydrolyzed UHT milks. On the contrary, Messia et al. (2007) 228 reported lactulose contents of up to 401 mg/L in commercial lactose hydrolyzed milks 229 but the lactose contents detected in that samples were approximately up to one hundred 230 times higher than those found in the present study. 231
Isomerization of glucose to fructose and galactose to tagatose during UHT treatment of 232 LF-UHT milks was also detected since appreciable amounts of fructose (from 76 mg/L-233
The presence of fructose is independent whether the UHT-treatment is performed before 235 or after the enzymatic hydrolysis since fructose may be originated either during 236 enzymatic hydrolysis of lactulose present in UHT-treated milk or from glucose 237 isomerization during UHT treatment of hydrolyzed milk. The presence of tagatose in 238 LF-UHT milks is other indication that lactose has been hydrolyzed before UHT 239 treatment since galactose is only present in very small quantities in milk and tagatose 240
has not been detected in UHT milk (Troyano et al., 1992) . 241 are also an indication that the UHT treatment was given after the lactose hydrolysis, 247 since lactose-hydrolyzed milk, with high content of reducing monosaccharides, can be 248 more susceptible to the Maillard reaction than natural (non-hydrolyzed) milk 249 (Evangelisti et al., 1999) . 250
Therefore, in agreement with results obtained by Rada-Mendoza et al. (2005) , it can be 251 proposed that in order to avoid an excessive formation of furosine and, consequently, 252 loss of available lysine and changes in the organoleptic characteristics, it may be 253 advisable to hydrolyze lactose under aseptic conditions after thermal treatment 254 conditions. 255 Table 2 shows the carbohydrate composition of commercial LF-UHT dairy drinks. As it 257 can be observed, with the exception of sample 2, the rest of samples showed lowermonosaccharide, disaccharide and GOS content than LF-UHT milks Also, small 259 amounts of sucrose were detected in all samples. 260
Lactose-free UHT dairy drinks (LF-UHT dairy drinks) 256
Furosine content (Fig. 3B) ranged from 1547-4477 mg/kg protein and the interval of 261 variation was higher than in LF-UHT milks. Samples 1 and 5 which showed a level of 262 furosine considerably higher than that of the rest of samples, also displayed the highest 263 tagatose content. Elevated values of furosine in LF-UHT dairy drinks may be due to 264 different causes, including excessive heating, prolonged storage or addition of milk 265 powder; however tagatose is only formed from galactose during heat treatment so that 266 the presence of elevated amounts of both compounds may be due to excessive heating 267 during the manufacture of LF-UHT dairy drinks. 268
Formation of GOS during enzymatic hydrolysis of lactose from 269 milk 270
The consumption of GOS has unquestionably been shown to have significant health 271 benefits in humans (Macfarlane et al., 2008) . GOS have been used to simulate human 272 milk in infant formulas, and a low level (2400 mg/L) can improve stool frequency, 273 decrease fecal pH and stimulate intestinal bifidobacteria and lactobacilli as in children 274 fed with human milk (Ben et al., 2008) . Various health benefits of these carbohydrates 275 have been reported by different research groups, so that currently the main focus among 276 prebiotics is on their production and use as a component of functional foods (Sangwan 277 et al., 2011) . 278
Previous studies on the formation of oligosaccharides during lactose hydrolysis in milk 279
showed that maximum content of GOS was achieved within the range 40-95% 280 hydrolysis of lactose and then gradually decreased with the lactose content (Mahoney,
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hydrolysis of a commercial UHT milk. Formation of total GOS reached a maximum 283 about 10000 mg/L (about 20% of total carbohydrates present) when percentage of 284 hydrolyzed lactose ranged from 75-90% of lactose was hydrolyzed and then they 285 gradually decreased to values below 5000 mg/L when over 99% of the lactose was 286
hydrolyzed. According to these data, for a residual lactose content lower than 1000 287 mg/L (about 2% of total carbohydrates), milks with a GOS content around 7800 mg/L 288 can be obtained. This GOS content would be enough to exert a beneficial effect on the 289 consumer's health.. 290
Conclusion

291
Although extreme intolerance may require an exclusively lactose-free milk, most people 292 with hypolactasia, if given appropriate advice, can tolerate some lactose-containing 293 foods without symptoms (Lomer et al., 2008) . It is generally accepted that 50-80% 294 lactose reduced milk will satisfy the physiological requirements of the majority of 295 intolerant groups (Indyk et al., 1996) Belgium. 375
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